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RADTATION EM IIIEB DEVICE HAVING 
AN INTEGRAL MICRO-GROOVE LE NS 

P R ^ Qg <s-R FFFR KNCE TO RELATED APPLICATIONS 
[0001] This application is a continuation of U.S. Patent Application No. 10/078,906, filed on 

February 19, 2002, which claims the benefit of U.S. Provisional Patent Application No. 
60/270,054, filed on February 19, 2001. Said U.S. Patent Application No. 10/078,906 is also 
a continuation-in-part of U.S. Patent Application No. 09/935,443, filed on August 23, 2001, 
which is a divisional application of U.S. Patent Application No. 09/426,795, filed on October 
22, 1999, now U.S. Patent No. 6,335,548, which claims benefit of U.S. Provisional Patent 
Application No. 60/124,493, filed on March 15, 1999. 
[0002] This application is also a continuation-in-part of U.S. Patent Application No. 

10/372,907, filed on February 24, 2003, which is a continuation of U.S. Patent Application 
No. 09/604,056, filed on June 26, 2000, now U.S. Patent No. 6,523,976, which is a 
continuation of U.S. Patent Application No. 09/148,375, filed on September 4, 1998, now 
U.S. Patent No. 6,132,072. 
[0003] The entire disclosures of each of the above-referenced applications are incorporated 

herein by reference. 

RArKGROIIND OF THF, INVENTI ON 
[0004] The present invention generally relates to radiation emitter devices such as, for 

example, light emitting diode (LED) packages, and more particularly to opto-electronic emitter 
assemblies incorporating a plurality of optical radiation emitter devices. 
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[0005] As used herein, the term "discrete opto-electronic emitter assembly" means packaged 

radiation emitter devices that emit ultraviolet (UV), visible, or infrared (IR) radiation upon 
application of electrical power. Such discrete opto-electronic emitter assemblies include one or 
more radiation emitters. Radiation emitters, particularly optical radiation emitters, are used in 
a wide variety of commercial and industrial products and systems, and accordingly come in 
many forms and packages. As used herein, the term "optical radiation emitter'' includes all 
emitter devices that emit visible light, near IR radiation, and UV radiation. Such optical 
radiation emitters may be pyrroluminescent, photoluminescent, electroluminescent, or other 
solid state emitter. Photoluminescent sources include phosphorescent and fluorescent sources. 
Fluorescent sources include phosphors and fluorescent dyes, pigments, crystals, substrates, 
coatings, and other materials. 

[0006] Electroluminescent sources include semiconductor optical radiation emitters and other 

devices that emit optical radiation in response to electrical excitation. Semiconductor optical 
radiation emitters include light emitting diode (LED) chips, light emitting polymers (LEPs), 
organic light emitting devices (OLEDs), polymer light emitting devices (PLEDs), etc. 

[0007] Semiconductor optical emitter components, particularly LED devices, have become 

commonplace in a wide variety of consumer and industrial opto-electronic applications. Other 
types of semiconductor optical emitter components, including OLEDs, LEPs, and the like, 
may also be packaged in discrete components suitable as substitutes for conventional inorganic 
LEDs in many of these applications. 

[0008] Visible LED components of all colors are used alone or in small clusters as status 

indicators on such products as computer monitors, coffee makers, stereo receivers, CD 
players, VCRs, and the like. Such indicators are also found in a diversity of systems such as 
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instrument panels in aircraft, trains, ships, cars, trucks, minivans and sport utility vehicles, 
etc. Addressable arrays containing hundreds or thousands of visible LED components are 
found in moving-message displays such as those found in many airports and stock market 
trading centers and also as high brightness large-area outdoor television screens found in many 
sports complexes and in some urban billboards. 

[0009] Amber, red, and red-orange emitting visible LEDs are used in arrays of up to 100 

components in visual signaling systems such as vehicle center high mounted stop lamps 
(CHMSLs), brake lamps, exterior turn signals and hazard flashers, exterior signaling mirrors, 
and for roadway construction hazard markers. Amber, red, and blue-green emitting visible 
LEDs are increasingly being used in much larger arrays of up to 400 components as 
stop/slow/go lights at intersections in urban and suburban intersections. 

[0010] Multi-color combinations of pluralities of visibly colored LEDs are being used as the 

source of projected white light for illumination in binary-complementary and ternary RGB 
illuminators. Such illuminators are useful as vehicle or aircraft maplights, for example, or as 
vehicle or aircraft reading or courtesy lights, cargo lights, license plate illuminators, backup 
lights, and exterior mirror puddle lights. Other pertinent uses include portable flashlights and 
other illuminator applications where rugged, compact, lightweight, high efficiency, long-life, 
low voltage sources of white illumination are needed. Phosphor-enhanced "white" LEDs may 
also be used in some of these instances as illuminators. 

[0011] Blue, violet, and UV emitting LEDs and LED lasers are being used extensively for data 

storage and retrieval applications such as reading and writing to high-density optical storage 
disks. 
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Optoelectronic radiation emitters and particularly LED devices are known to utilize 
more than one radiation emitter (i.e. , LED chip). An example of such a structure is shown in 
Fig. 1. As illustrated, two LED chips 1 are mounted on a common electrical lead of a lead 
frame 2 and have wire bonds 3 attaching their other contact terminals to independent electrical 
leads of lead frame 2. An encapsulant 4 encapsulates the LEDs, wire bonds, and a significant 
portion of the leads so as to retain the physical integrity of the structure. As shown in Fig. 1, 
one end of encapsulant 4 has an outward-convex spherical surface 5 to serve as a lens at the 
light exit surface. The optical axis and focus of spherical surface 5 is typically centered 
between LED chips 1. Such an arrangement is problematic in that neither LED chip 1 is 
disposed at the focal point or on the central axis of spherical lens surface 5. This has the 
undesirable effect of magnifying and projecting an image of the LED chips at a distance from 
the LED device. Thus, if LED chips 1 emit light of different colors, a person looking directly 
at the LED device from a distance will clearly see two different color images of the LED chip 
point sources as magnified by lens 5. When the different colors from the LED chips are 
desired to mix so as to provide a different color, the ability of an observer to see the two 
different colored chips from a distance may render the device unsuitable for certain 
applications. For example, when a binary-complementary or ternary RGB chip set is utilized 
to provide effective white light for use as an indicator, a person looking directly at the 
indicator will see spots corresponding to the component colors of the device. When a binary- 
complementary or ternary RGB chip set is utilized to provide effective white light for use as an 
illuminator, the illuminator will project the magnified image of the differently colored LED 
chips such that the illuminating light is not uniformly white across the area of projected 
illumination. 
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[0013] The above imaging problem also can be present when one of the radiation emitters is an 

LED chip and the other radiation emitter is a photoluminescent material that is incorporated 
within the encapsulant or within a glob top over the LED chip. In such devices, the light 
emitted from the LED chip may not strike the photoluminescent material uniformly thereby 
exciting the photoluminescent material in a non-uniform fashion resulting in non-uniform light 
emission from the photoluminescent material. Further, the photoluminescent material may not 
be uniformly dispersed throughout the encapsulant thereby further exasperating the problem. 

[0014] U.S. Patent No. 5,289,082 addresses the problem in utilizing two or three LED chips 

and proposes an encapsulant lens structure having elliptically segmented portions, with each 
portion aligned with respect to one of the LED chips and having its focal point at the 
corresponding LED chip position. While this approach may ameliorate the above problem, it 
nevertheless does not sufficiently overcome the problem so as to render a multi-chip LED 
device suitable for all applications where color mixing is required. 

[0015] Accordingly, there is a need for an opto-electronic emitter device that includes a 

plurality of radiation emitters, whether electroluminescent and/or photoluminescent, that 
sufficiently disperses the light with a required intensity at a distance while not separating the 
images of the radiation emitters so as to create images of the two or three component colors. 

STTMMAKY OF THE INVENTION 

[0016] Accordingly, an opto-electronic emitter device has been designed to overcome the 

above problems and to provide an effective illuminator/indicator device. To achieve these and 
other aspects and advantages, the radiation emitter device of the present invention comprises at 
least two radiation emitters emitting radiation of different wavelengths, first and second 
electrical leads electrically coupled to at least one of the radiation emitters, and an encapsulant 
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configured to encapsulate the radiation emitters and a portion of the first and second electrical 
leads. The encapsulant is further configured to have a surface defining an optical lens 
including a plurality of concentric circular grooves. The optical lens is preferably divergent. 

[0017] According to a preferred embodiment of the present invention, the divergent lens is a 

multi-faceted Fresnel lens structure having a plurality of risers and Fresnel facets defining the 
plurality of concentric circular grooves. 

[0018] According to another embodiment of the present invention, a radiation emitter assembly 

comprises: at least one radiation emitter device comprising: at least two radiation emitters 
emitting radiation of different wavelengths; first and second electrical leads electrically coupled 
to at least one of the radiation emitters; and an encapsulant configured to encapsulate the 
radiation emitters and a portion of the first and second electrical leads. The encapsulant is 
further configured to have a surface defining a divergent optical lens. The radiation emitter 
assembly further includes a secondary reflective cup disposed proximate the divergent optical 
lens of the radiation emitter device. 

[0019] According to another embodiment of the present invention, a map lamp assembly for a 

vehicle rearview mirror is provided that comprises: at least one radiation emitter device 
comprising: at least two radiation emitters emitting radiation of different wavelengths; first 
and second electrical leads electrically coupled to at least one of the radiation emitters; and an 
encapsulant configured to encapsulate the radiation emitters and a portion of the first and 
second electrical leads. The encapsulant is further configured to have a surface defining a 
divergent optical lens. The radiation emitter assembly further includes a secondary reflective 
cup disposed proximate the divergent optical lens of the radiation emitter device. 
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[0020] These and other features, advantages, and objects of the present invention will be 

further understood and appreciated by those skilled in the art by reference to the following 
specification and appended drawings. 

B RIEF DESCRIPTION OF T H E DRAWINGS 

[0021] In the drawings: 

[0022] Fig. 1 is a sectional view of a conventional multi-chip LED device; 

[0023] Fig. 2 is a perspective view of a radiation emitter device constructed in accordance with 

the present invention; 

[0024] Fig. 3 is a cross-sectional view of the radiation emitter device shown in Fig. 2 taken 

along line 3-3'; 

[0025] Fig. 5 is a front elevational view of the radiation emitter device shown in Fig. 2; 

[0026] Fig. 6 is a perspective view of a radiation emitter assembly including the radiation 

emitter device constructed in accordance with the present invention; 
[0027] Fig. 7 is an exploded perspective view of a portion of a rearview mirror assembly 

having a map light assembly incorporating the inventive radiation emitter device; 
[0028] Fig. 8 is a perspective view showing the inside surface of a secondary lens used with 

the map lamp assembly shown in Fig. 7; 
[0029] Fig. 9 is another perspective view showing the inside surface of the secondary lens 

shown in Fig. 6; 

[0030] Fig. 10 is an exploded perspective view of the map lamp assembly shown in Fig. 7; and 

[0031] Fig. 11 is a plan view showing the bottom of the map lamp assembly shown in Figs. 7 

and 10. 
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DETAILED DESCSIE1IQM OF THE PREFERRED EMBODIMENTS 
[0032] Reference will now be made in detail to the present preferred embodiments of the 

invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numerals will be used throughout the drawings to refer to the 
same or like parts. 

[0033] For purposes of description herein, the terms "upper," "lower," "right," "left," 

"rear," "front," "vertical," "horizontal," "top," "bottom," and derivatives thereof shall relate 
to the invention as viewed by a person looking directly at the radiation emitting device along 
the principal optical axis of the source. However, it is to be understood that the invention may 
assume various alternative orientations, except where expressly specified to the contrary. It is 
also to be understood that the specific device illustrated in the attached drawings and described 
in the following specification is simply an exemplary embodiment of the inventive concepts 
defined in the appended claims. Hence, specific dimensions, proportions, and other physical 
characteristics relating to the embodiment disclosed herein are not to be considered as limiting, 
unless the claims expressly state otherwise. 

[0034] Several embodiments of the present invention generally relate to an improved optical 

radiation emitting device useful in both high and low power applications. Such embodiments 
of the present invention are particularly well suited for use in limited power applications such 
as vehicles, portable lamps, and specialty lighting. By vehicles, we mean over-land vehicles, 
watercraft, aircraft and manned spacecraft, including but not limited to automobiles, trucks, 
vans, buses, recreational vehicles (RVs), bicycles, motorcycles. and mopeds, motorized carts, 
electric cars, electric carts, electric bicycles, ships, boats, hovercraft, submarines, airplanes, 
helicopters, space stations, shuttlecraft, and the like. By portable lamps, we mean camping 
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lanterns, head or helmet-mounted lamps such as for mining, mountaineering, and spelunking, 
hand-held flashlights, and the like. By specialty lighting we mean emergency lighting activated 
during power failures, fires or smoke accumulations in buildings, microscope stage 
illuminators, billboard front-lighting, backlighting for signs, etc. The light emitting assembly 
of the present invention may be used as either an illuminator or an indicator. Examples of 
some of the applications in which the present invention may be utilized are disclosed in 
commonly assigned U.S. Patent No. 6,441,943 entitled "INDICATORS AND 
ILLUMINATORS USING A SEMICONDUCTOR RADIATION EMITTER PACKAGE," 
filed on October 29, 2000, by John K. Roberts et al., the entire disclosure of which is 
incorporated herein by reference. 

[0035] Some of the embodiments of the present invention provide a highly reliable, low- 

voltage, long-lived light source for vehicles, portable lighting, and specialty lighting capable of 
producing white light with sufficient luminous intensity to illuminate subjects of interest well 
enough to be seen and to have sufficient apparent color and contrast so as to be readily 
identifiable. Several of the radiation emitter devices of the present invention may be well 
suited for use with AC or DC power sources, pulse- width modulated DC power sources, and 
electronic control systems. The radiation emitting devices of the present invention may further 
be used to emit light of various colors. 

[0036] As used herein, the term "radiation emitter" and "radiation emitting device" shall 

include any structure that generates and emits optical or non-optical radiation, while the term 
"optical radiation emitter" or "optical radiation emitting device" includes those radiation 
emitters that emit optical radiation, which includes visible light, near infrared (IR) radiation, 
and/or ultraviolet (UV) radiation. As noted above, optical radiation emitters may include 
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electroluminescent sources or other solid-state sources and/or photoluminescent or other 
sources. One form of electroluminescent source includes semiconductor optical radiation 
emitters. For purposes of the present invention, "semiconductor optical radiation emitters" 
comprise any semiconductor component or material that emits electromagnetic radiation having 
a wavelength between 100 nm and 2000 nm by the physical mechanism of electroluminescence 
upon passage of electrical current through the component or material. The principle function 
of a semiconductor optical radiation emitter within the present invention is the conversion of 
conducted electrical power to radiated optical power. A semiconductor optical radiation 
emitter may include a typical IR, visible or UV LED chip or die well known in the art and 
used in a wide variety of prior art devices, or it may include any alternate form of 
semiconductor optical radiation emitter as described below. 

[0037] Alternate forms of semiconductor optical radiation emitters which may be used in the 

present invention are light emitting polymers (LEPs), polymer light emitting diodes (PLEDs), 
organic light emitting diodes (OLEDs), and the like. Such materials and opto-electronic 
structures made from them are electrically similar to traditional inorganic LEDs, but rely on 
organic compositions such as derivatives of the conductive polymer polyaniline for 
electroluminescence. Such semiconductor optical radiation emitters are relatively new, but 
may be obtained from sources such as Cambridge Display Technology, Ltd. of Cambridge, 
and from Uniax of Santa Barbara, California. 

[0038] For brevity, the term "semiconductor optical radiation emitter" may be substituted with 

the term "LED" or the alternate forms of emitters described above or known in the art. 
Examples of emitters suitable for the present invention include varieties of LED chips with 
associated conductive vias and pads for electrical attachment and that are emissive principally 
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at P-N junctions within doped inorganic compounds of AlGaAs, AlInGaP, GaAs, GaP, InGaN, 
AlInGaN, GaN, SiC, ZnSe, and the like. 

[0039] LEDs are a preferred electroluminescent light source for use in the radiation emitting 

devices of the present invention because LEDs do not suffer appreciable reliability or field- 
service life degradation when mechanically or electronically switched on and off for millions of 
cycles. The luminous intensity and illuminants from LEDs closely approximate a linear 
response function with respect to applied electrical current over a broad range of conditions, 
making control of their intensity a relatively simple matter. Finally, recent generations of 
AlInGaP, AlGaAs, InGaN, AlInGaN, and GaN LEDs draw less electrical power per lumen or 
candela of visible light produced than incandescent lamps, resulting in more cost-effective, 
compact, and lightweight illuminator wiring harnesses, fuses, connectors, batteries, generators, 
alternators, switches, electronic controls, and optics. A number of examples have previously 
been mentioned and are incorporated within the scope of the present invention, although it 
should be recognized that the present invention has other obvious applications beyond the 
specific ones mentioned which do not deviate appreciably from the teachings herein and 
therefore are included in the scope of this invention. 

[0040] Another preferred radiation source that may be used in the inventive light emitting 

assembly is a photoluminescent source. Photoluminescent sources produce visible light by 
partially absorbing visible or invisible radiation and re-emitting visible radiation. 
Photoluminescent sources are phosphorescent and fluorescent materials, which include 
fluorescent dyes, pigments, crystals, substrates, coatings, as well as phosphors. Such a 
fluorescent or phosphorescent material may be excited by an LED or other radiation emitter 
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and may be disposed within or on the LED, or within or on a separate optical element, such as 
a lens or diffuser that is not integral with an LED. 
[0041] In most opto-electronic emitter devices, the radiation emitter is embedded in an 

encapsulant media (solid, liquid, gel, or a combination thereof) that possesses a refractive 
index greater than air. As such, if the exit surface of the encapsulant media along the device 
optical axis is piano, then the exit surface could be considered a divergent optical surface. The 
ray fan exiting this surface outward from the radiation emitter would subtend a wider angle 
than the ray fan entering this surface. 
[0042] If a spherical, aspheric, or other convex-outward surface is instead used as the exit 

surface, then the surface can be made to function as a collimating or partially collimating 
optical surface. The ray fan exiting this surface outward from the radiation source would 
subtend an angle less than or equal to the ray fan entering this surface. If the radius of 
curvature of such a convex-outward surface is low enough, then the surface can be made to 
function as a convergent lens. 
[0043] If a spherical, aspheric, or other concave-inward surface is instead used as the exit 

surface, then the surface can be made to function as a super-divergent optical surface. The ray 
fan exiting this surface outward from the radiation source would subtend an angle substantially 
more than the ray fan entering this surface. 
[0044] In a preferred embodiment of the present invention, a hybridized divergent lens design 

is utilized. The starting exit surface is mildly convexed outward and placed so the radiation 
source is off the focal plane (such that the surface is less divergent a surface than a piano 
surface, but not curved enough to collimate the ray fan). This mildly convex surface is then 
converted to a faceted Fresnel structure. Then, the risers of the Fresnel facets are adjusted to 
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be substantially parallel to rays from the radiation emitter thereby improving efficiency and 
providing mold-draft. Then, the Fresnel facets (arc shaped in cross section) are flattened (arcs 
replaced by lines approximating them in cross section). The resultant lens provides a non- 
imaging, mildly divergent lens structure. A diffusant may be added to the encapsulant or 
applied to the surface of the lens to improve color mixing of the light emitted from the 
encapsulated emitters. 

[0045] The output of this device may be collected with a secondary optic (such as a reflector) 

to produce a higher intensity beam. In a preferred embodiment of such a system, the reflector 
is a parabolic or elliptical surface. Other secondary optics may additionally or optionally be 
used in or with the device. These may include diffusers, lenses, photoluminescent media, and 
the like. By utilizing a divergent integral lens and a reflector, the divergent lens prevents 
direct magnification of the images of the emitter die and provides for improved mixing of the 
different colored light emitted from the die. The reflector serves to collect and collimate the 
mixed light and direct the light towards the area to be illuminated. Additional mixing and 
redirecting of light may be achieved by utilizing a secondary optic element in addition to the 
reflector. An example of such a structure is shown in Fig. 7 and described below. 

[0046] Fig. 2 is a perspective view of a radiation emitter device constructed in accordance with 

the present invention. As shown, device 100 includes first, second, and third electrical leads 
102 extending out one side of an encapsulant 104. Extending out an opposite end of 
encapsulant 104 from leads 102 is a heat extraction member 106. Preferably, the plurality of 
radiation emitters (not shown) is attached to a surface of heat extraction member 106, which 
extends into the encapsulation 104. Most preferably, heat extraction member 106 includes an 
integral reflective cup 107 (Figs. 3 and 4) in which three LED chips 105 are attached. In the 

13 



Atty. Docket No. GEN 10 P-422A 
Express Mail No. EV 037566743 US 

most preferred embodiment, one blue-green LED chip is mounted in the center of reflective 
cup 107 and two amber LED chips are mounted on either side of the blue-green LED chip. 
Detailed construction of the assembly discussed thus far is disclosed in commonly assigned 
U.S. Patent No. 6,335,548 entitled "SEMICONDUCTOR RADIATION EMITTER 
PACKAGE," filed on October 22, 1999, by John K. Roberts et al. The entire disclosure of 
this patent is incorporated herein by reference. As shown in Fig. 2, encapsulant 104 is 
preferably molded to define a light exit surface 108 on which the micro-groove lens 110 is 
formed. Preferably, the center of lens 110 lies over a central point between the plurality of 
radiation emitters encapsulated within encapsulant 104. In a most preferred embodiment of the 
present invention, two LED chips are encapsulated in encapsulant 102 with the first LED chip 
emitting blue-green light and the second LED chip emitting amber light. In this manner, as 
disclosed in commonly assigned U.S. Patent No. 5,803,579, the light emitted from these two 
LEDs will overlap and form effective white light illumination. The entire disclosure of U.S. 
Patent No. 5,803,579 is incorporated herein by reference. 
[0047] Fig. 3 is a cross-sectional view of the device 100 taken along line III-III shown in 

Fig. 2. Fig. 4 is a cross-sectional view of device 100 taken along line IV-IV shown in Fig. 2. 
As shown in Figs. 2-4, lens 110 includes a plurality of concentric circular grooves 112. The 
side walls of the grooves are defined by risers 114 and Fresnel facets 116. Risers 114 are 
generally straight lines in cross section and are parallel to lines extending to the exit surface 
from a point in the center of the radiation emitters. In this manner, risers 114 do not 
substantially modify the light emitted from the radiation emitters. Instead, Fresnel facets 116 
modify the light beams to a much greater degree. As discussed above, Fresnel facets 116 are 
curved differently for each concentric ring defining lines 110. The innermost Fresnel facet of 
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lens 110 is mildly convex-outward and placed so that the radiation source is off the focal plane. 
This mildly convex surface is then converted to a faceted Fresnel structure. The curve of the 
Fresnel facets is flattened for each concentric ring moving outward to thereby provide a non- 
imaging, mildly divergent lens structure. 
[0048] Figs. 4 and 5 show a preferred example of the radiation emitter of the present 

invention. As shown in Fig. 5, each concentric ring of the Fresnel lens has a sequentially 
labeled radius. The preferred radius of each ring is as follows: 
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[0049] The inclination angles of the risers 114 are preferably selected to be parallel to the light 

rays from the emitters so as to not optically alter the path of the light rays and to thereby 
minimize loss. Listed below are preferred inclination angles for each of the risers 114 as 
shown in Fig. 4 (measured relative to the central optical axis of the lens). 
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[0050] The preferred inclination angles of the Fresnel facets 116 as shown in Fig. 4 are listed 

below and are relative to a plane perpendicular to the optical axis. 

p. = 2.0° 
p 2 = 4.7° 
p 3 = 7.6° 
p4 = 11.9° 
ps = 13.3° 
p 6 = 15.9° 
p 7 = 18.4° 
ps = 20.7° 
p9 = 22.8° 
pio = 24.8° 
pn = 26.5° 

[0051] The number of facets is selected to minimize the groove depth while maintaining 

machinability. Selecting a greater number of facets decreases groove depth but results in a 
component that is more difficult to machine. 

[0052] As shown in Fig. 6, a secondary optic, such as a parabolic or elliptical reflective cup 

120, may be disposed proximate encapsulant 104 and, in certain applications, cup 120 may be 
secured to encapsulant 104 by means of adhesive or other attachment. As illustrated, the 
reflector includes an inner aperture that is sized to correspond to the outer extent of lens 110. 
The curvature of reflector 120 is preferably such that the light emitters are situated at 
approximately the focal point of reflector 120. 

[0053] Although the radiation emitter device structure has been described with respect to the 

structure shown in the drawings and disclosed in U.S. Patent No. 6,335,548, it will be 
appreciated that other conventional structures or inventive structures may incorporate the 
inventive lens 110 and/or secondary optic 120. Examples of some other non-conventional 
devices with which the inventive optics may be utilized include those disclosed in U.S. Patent 
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No. 6,521,916, entitled "RADIATION EMITTER DEVICES AND METHOD OF MAKING 
THE SAME," filed on January 31, 2001, by John K. Roberts et al. and in U.S. Patent 
Application No. 09/835,238, Application Publication No. US 2002-0149312, entitled "HIGH 
POWER RADIATION EMITTER DEVICE AND HEAT DISSIPATING PACKAGE FOR 
ELECTRONIC COMPONENTS," filed on April 13, 2001, by John K. Roberts et al. The 
entire of disclosures of this published patent application and patent are incorporated herein by 
reference. The '916 patent discloses a device similar to that shown in Figs. 2-5, but the 
encapsulant is made of two different materials, with one of the materials optimized for optical 
output and the other optimized for its thermal properties. By utilizing the above-described 
micro-groove lens structure on a device such as that disclosed above and in the above- 
referenced '916 patent, the thickness of the encapsulant over the LED chips is significantly 
reduced thereby lessening the thermal insulating effect of the encapsulant. Thus, the use of the 
inventive lens structure further improves the thermal characteristics, and hence the 
performance, of these devices while significantly improving the optical characteristics of the 
device. 

[0054] As described in detail in commonly-assigned U.S. Provisional Patent Application 

No. 60/316,600, entitled "VEHICLE LAMP ASSEMBLY WITH HEAT SINK" and filed on 
August 31, 2001, by Jeremy A. Walser et al., and in commonly assigned U.S. Provisional 
Patent Application No. 60/324,551, entitled "VEHICLE LAMP ASSEMBLY WITH HEAT 
SINK" and filed on September 25, 2001, by Jeremy A. Walser et al., and as shown in Figs. 6- 
10, one or more of the radiation emitter devices may be incorporated into a lamp assembly 210 
which further includes a secondary lens 240. The entire disclosures of these applications are 
incorporated herein by reference. Secondary lens 240 is preferably formed of a transparent 
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plastic material and is configured to fit within aperture 252 formed in the bottom of a mirror 
housing 250. For this purpose, secondary lens 240 includes fingers 242 that catch an upper 
edge within aperture 252 and a plurality of resilient legs 244 on an opposite side for snapping 
into place within aperture 252. Secondary lens 240 is preferably formed of a thickness to 
allow lens 240 to be mounted flush with the outer bottom surface of housing 250. Reflector 
220 may be formed to have a plurality of recesses 228 (Fig. 11) corresponding in position and 
size to legs 244 of secondary lens 240 to allow a flush mount of both lens 240 and reflector 
220 with housing 250. 

[0055] As best shown in Figs. 8 and 9, secondary lens 240 includes a first lens portion 246 and 

a second lens portion 248. First lens portion 246 includes an optical deviator for deviating the 
direction at which light is emitted from the bottom of the lamp assembly slightly towards the 
rear of the vehicle so as to be projected onto at least a portion of the driver's lap as well as a 
portion of any center console that may be present in the vehicle. Second lens portion 248 also 
includes an optical deviator, which is configured to redirect the light from its associated two 
LEDs slightly to the rear of the vehicle and to the right of the map light assembly onto the lap 
of the front passenger, if present. The deviators are preferably formed as a plurality of 
parallel angled facets in the inside surface of the lens such that the outside surface of the lens 
may be relatively smooth. Secondary lens 240 may include a slightly roughened outside or 
inside surface so as to slightly diffuse the light emitted from the associated LEDs. It will be 
appreciated by those skilled in the art that mirror housing 250 may be formed of either an 
opaque material or may be formed of a partially transparent material such that secondary lens 
240 may be integrally formed within housing 250. Similar transparent mirror housings are 
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disclosed in commonly assigned U.S. Patent No. 6,614,579, the entire disclosure of which is 
incorporated herein by reference. 
[0056] As best shown in Figs. 8 and 9, vehicle lamp assembly 210 includes an LED 

subassembly 212, which includes a printed circuit board 214 to which a plurality of LEDs 100 
is electrically and physically connected. The LEDs are preferably physically secured to 
printed circuit board 214 such that their central optical axes along which they emit light are 
disposed substantially non-perpendicular to the surface of printed circuit board 214 to which 
the LEDs are mounted. The LEDs are preferably soldered to the circuit board using 
conventional techniques. LEDs 100 are preferably constructed with heat extraction members 
in accordance with the teachings of U.S. Patent No. 6,335,548, the entire disclosure of which 
is incorporated herein by reference. These LEDs each also preferably include at least two 
LED chips including a chip that emits amber light and a chip that emits blue-green light such 
that the light emitted by these differently colored chips is simultaneously emitted from the LED 
and mixes to form effective white light. Methods and implementations for forming effective 
white light by mixing the light from two or more LEDs are disclosed in commonly assigned 
U.S. Patent No. 5,803,579, the entire disclosure of which is incorporated herein by reference. 
The LEDs 100 also preferably include a lens integrally formed within the LED encapsulant. 
Preferably, the lens provided on each LED 100 is a microgroove or Fresnel lens as disclosed 
above. 

[0057] Although not shown in the drawings, a connector plug is preferably provided at one end 

of printed circuit board 214 for connection to switches or another drive circuit for selective 
activation of LEDs 100. Of the four LEDs 100 that are shown in the drawings, two may be 
used to produce light that is projected onto the lap of the front passenger while the other two 
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may be used to project light generally towards the driver's lap. Accordingly, these LEDs may 
be separately activated or may be activated simultaneously using a single switch or a 
combination of switches provided on the rearview mirror assembly or elsewhere in the vehicle. 
[0058] Lamp assembly 210 further includes secondary reflector 220, which includes a plurality 

of reflective cups 120 corresponding in number to the number of LEDs 100. Reflective cups 
120 may have any conventional shape and are provided to direct as much light as possible that 
is emitted from LEDs 100 in a generally downward direction. Reflector 220 may be formed of 
plastic and may have metalized surfaces to provide reflective cups 120. Reflector 220 also 
preferably includes a first set of heat stake pegs 224 and a second set of heat stake pegs 226 
that extend upward from the top portion of reflector 220. As shown in the drawings, the first 
set of heat stake pegs 224 is configured and aligned with apertures 217 formed in each of the 
heat extraction members 106 of LEDs 100. The second set of heat stake pegs 226 is 
positioned and aligned to extend between LEDs 100. The reflector may include slots on its 
upper edges such that the upper edges of LEDs 100, when attached to reflector 220, are flush 
with the upper edges of reflector 220. By providing and configuring heat stake pegs 224 and 
226 to extend through and between LEDs 100, the central optical axes of the LEDs may be 
properly registered and aligned with the centers of the reflective cups. Each of the LEDs 100 
includes several leads 102 having standoffs that ensure consistent insertion depth of the LEDs 
in the holes provided in circuit board 214. This, in turn, ensures that apertures 217 of each of 
LEDs 100 are located the same distance from circuit board 214 thereby aiding in the 
registration process. 

[0059] As shown in the drawings, lamp assembly 210 further includes a mounting plate 230 

that is secured to the top of the lamp assembly and to the backs of LEDs 100. Preferably, 
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mounting plate 230 is made of a material having a high thermal conductivity so as to not only 
function as a mounting plate, but also function as a heat sink for LEDs 100. As best shown in 
Fig. 7, mounting plate 230 includes a lamp mounting portion 232 and a mirror mounting 
portion 234, which are angled with respect to one another to ensure proper mounting within a 
mirror housing 250. Lamp mounting portion 232 preferably includes a first set of apertures 
236 corresponding in size and position to apertures 217 in LED 100 and the first set of heat 
stake pegs 224 of reflector 220. Lamp mounting portion 232 further includes a second set of 
apertures 238 that correspond in position to the second set of heat stake pegs 226. Thus, 
mounting plate 230 may be slid onto heat stake pegs 224 and 226 and, subsequently, the heat 
stake pegs may be thermally deformed causing them to expand on their distal end and thereby 
secure mounting plate 230 to reflector 220 with LED subassembly 212 sandwiched in between. 

[0060] As apparent from the drawing figures, mounting plate 230 is physically in contact with 

the backs of LEDs 100 and is in thermal contact with the heat extraction members 106 of 
LEDs 100 so as to provide a thermal path from the LEDs. Such heat sinking allows the LEDs 
to be driven at greater current levels to thereby emit more light. To increase thermal transfer 
between the heat extraction members of the LEDs and the mounting plate, a silicon RTV heat 
sink compound may be provided therebetween. 

[0061] Reliability of electronic components (including discrete LED components) improves 

almost exponentially with operating temperature reduction. This is particularly true of LEDs 
in which the T g of the clear encapsulation/mold compounds used place relatively firm absolute 
limits on the maximum internal temperature allowed for each device (typically, 110-130°C, 
depending on the material). With automotive interior operating temperature specifications 

21 



Atty. Docket No. GEN 10 P-422A 
Express Mail No. EV 037566743 US 

reaching 85°C, the temperature difference permissible for the LED optical material limit 
becomes even more critical. By utilizing an integral microgroove lens on the LEDs rather than 
a larger, more bulky conventional lens, the distance between the LED chip(s) and the outside 
environment is substantially reduced, thereby increasing the thermal dissipation properties of 
the LEDs. 

[0062] With reference to Fig. 7, mirror mounting portion 234 of mounting plate 230 includes 

first and second apertures 235 for engaging mounting pegs 254 that extend forwardly of the 
inner rear wall of mirror housing 250 on opposite sides of a central aperture 255 provided in 
the center of the rear wall of housing 250. Central aperture 255 receives a center mounting 
post 262 of a double ball mount stem 264 of mirror mounting structure 260. A third aperture 
237 is provided in mounting plate 230 in between first and second apertures 235 for also 
receiving a portion of post 262. A fourth aperture 239 is provided in mounting plate 230 for 
receipt of a rotation prevention post 266 that extends from an off-axis location on a mounting 
washer 268 at the end of mirror stem 264. Post 266 extends through an aperture 257 provided 
in the rear wall of mirror housing 250 and through aperture 239. Post 266 prevents rotation of 
the mirror housing with respect to the rear end of the first mounting ball. Rotation, however, 
is permitted by rotation of the ball within a sleeve of the mounting stem 264. As shown in 
Fig. 7, the mounting structure 260 further includes a mounting shoe 269 that is secured to the 
interior surface of a windshield. It will be appreciated, however, that mirror mounting 
structure 260 may have any form including a single ball structure or a structure that mounts to 
the roof of the vehicle rather than to the inside surface of the vehicle windshield. 

[0063] While the vehicle lamp assembly is described herein as functioning as a map lamp 

provided on or within a rearview mirror assembly, it will be appreciated by those skilled in the 
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art that this lamp assembly or certain aspects of the disclosed lamp assembly may be utilized in 
other lamp modules whether used in a vehicle or elsewhere. For example, lamp assemblies 
incorporating the inventive radiation emitter devices could be used in an overhead console, a 
windshield console, a sun visor, in a headliner, door panels, etc. of a vehicle. Likewise, the 
radiation emitter devices of the present invention may be employed in any non-vehicle 
application. 

[0064] The above description is considered that of the preferred embodiment only. 

Modifications of the invention will occur to those skilled in the art and to those who make or 
use the invention. Therefore, it is understood that the embodiment shown in the drawings and 
described above is merely for illustrative purposes and not intended to limit the scope of the 
invention, which is defined by the following claims as interpreted according to the principles of 
patent law, including the doctrine of equivalents. 
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